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.








$n$ ( ) :
$\frac{d}{dt}x(t)=F[x(t)]$ . (1)
$x(t)=(x_{1}(t),x_{2}(t),$ $\cdots,$ $x_{n}(t))^{T}$ .
, $t=t_{0}$ , $x(t_{0})$ $y(t_{0})$ .
$y$; , $b_{i}$ , $af$ ,
:
$p(y \iota,y_{2}, \cdots,y_{n})=\frac{1}{(2\pi)^{1/2}\Pi_{i=1}^{n}a_{i}}\exp\{-\frac{1}{2}\sum_{i=1}^{n}\frac{(y_{i}-.b_{i})^{2}}{a_{1}^{2}}\}$ . (2)
, $\sum_{i=1}^{n}(y;-b_{i})^{z}/a_{i}^{2}=\epsilon^{2}=const$. $n$ . (1)
, $y(t_{0})$ , $b=(b_{1}, h,,\cdots, b_{n})^{T}$
, .
, $y(t_{0})$ . $x(t)$ $y(t)$
, (1) (tangent linear
equation) :
$\frac{d}{dt}y(t)=J(t)y(t)$ . (3)





$M(t_{0}+\tau, t_{0})$ , (3) resolvent , Lorenz(1965) (error matrix)
.
2.2
. , $\overline{x}$ . (3) $J=const$. , $y(t)\propto e^{\mu t}$
, $\mu$ $J$ . $J$ , $\{\mu_{i}\}$
, $\{\xi_{i}\}$ . 1
, , $\overline{x}$ .
$J$ , .
$M$ ($t_{0}+\tau$ , to)=e\mbox{\boldmath $\tau$} , , , , $\{e^{\tau\mu:}\},$ $\{\xi_{i}\}$ .
, $x(t)$ . Oseledec(1968)
:
( 1 ) $x(t_{0})$ ,
$f_{i}$ (to) .
$\lambda_{i}=\lim_{\tauarrow\infty}\frac{1}{\tau}\log\Vert M(t_{0}+\tau,t_{0})f_{i}(t_{0})\Vert$ . (6)
\mbox{\boldmath $\lambda$}i .
\mbox{\boldmath $\lambda$}i $(1 \leq i\leq n)$ , $f_{i}$ .
$x(t_{0})$ , ,
$x(t_{0})$ .
2 , $e^{\lambda_{i}t}$ . $\forall_{\lambda_{i}}\leq 0$ ,
. $\{\lambda_{i}\}$
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. Shimada and Nagashima(1979)
Goldhirsch et $a1.(1987)$ .
, .




et al. 1987). , $M^{T}(t_{0}+\tau, t_{0})M$ ($t_{0}+\tau$ , to)
$i$ $e^{2\lambda(t_{0};\tau)\tau}:$ , (
) $f_{i}(t_{0};\tau)$ :
$M^{T}(t_{0}+\tau,t_{0})M(t_{0}+\tau,t_{0})f_{i}(t_{0};\tau)=e^{2\lambda_{i}(t_{0}:\tau)\tau}f_{i}(t_{0};\tau)$ . (7)
$f_{:}^{T}$ , $\Vert f_{i}\Vert=1$ ,
$\Vert M(t_{0}+\tau,t_{0})f_{i}(t_{0};\tau)\Vert=e^{\lambda;(t_{0};\tau)\tau}$ , (8)
. , :
$\lambda_{i}(t_{0};\tau)=\frac{1}{\tau}\log||M(t_{0}+\tau,t_{0})f_{i}(t_{0};\tau)||$ . (9)
, $\tauarrow\infty$ (6) , $\lambda_{i}(t_{0};\tau)$ ,
$f_{i}(t_{0};\tau)$ . (
. ) ,
. : $L_{2}$ . $\forall_{\lambda_{i}(t_{0};\tau)}\leq 0$ $\tau$
. ,




Lorenz(1965) , $t_{0}$ $x(t_{0})$ ,




, $n$ (10) $n$ (11) .
. $M(t_{0}+\tau,t_{0})M^{T}$ ($t_{0}+\tau$,to) $i$
$\Gamma_{i}(t_{0};\tau)$ , ( ) $\zeta_{i}(t_{0};\tau)$
, $\epsilon\Gamma_{i}^{1/2}$ , $\zeta_{i}(t_{0};\tau)$ .








, . , 2
:




1: (a) 2 . (b)
.
, tangent linear equafion . (14) , xl $=\overline{x_{2}}=0$
. $J$ $\{1, -2\}$ , .
$\xi_{1,2}$ l(a) . $M(t_{0}+\tau,to)=e^{\tau J}$ ,
$\lambda_{i}(t_{0};\tau),$ $f_{i}(t0;\tau),$ $\Gamma_{i}(t_{0};\tau),$ $\zeta_{i}(t_{0};\tau)$ .
l(a) 2 (14) . $x_{1}(t_{0})=$
$-0.4,$ $x_{2}(t_{0})=-0.2$ . , $t=t_{0}$ 008
, $\tau=0.09,0.18,0.27,0.36$ .
, $\xi_{1}$ , $\tau$
. (13) l(b)
. , 2 , $A,$ $B$ $\tau$ , 1
$f_{1}(0;\tau)$ $A$ , $B$ .
, $x_{1}$ $x_{2}$ .
(14) $(J=const.)$ , .
, . 2 ,









. \alpha (t;\mbox{\boldmath $\tau$})
, $x(t)$ , , Lorenz
. ,
(Mukougawa et al. 1991).
3.
3.1
\beta 2 ( )
269
:
$\frac{\partial}{\partial t}\nabla^{2^{-}}\psi+J(\psi,\nabla^{2}\psi)+\beta\frac{\partial\psi}{\partial x}=0$ . (16)
, $\psi(x, y,t)$ , $(x,y)$ , $t$ .
: $\nabla^{2}=\partial^{2}/\partial x^{2}+\partial^{2}/\partial y^{2},$ $J(a, b)=$
$\partial a/\partial_{X}x\partial b/\partial y-\partial b/\partial_{X}\cross\partial a/\partial y$. , \beta $=\sqrt{2}/6$ .
$x$ $2\pi$ , $y$ $y=0$ $y=\pi$ ,
$\psi$ $\{\phi_{i}\}$ (Lorenz $1963b$):
$\phi_{A_{m}}=\frac{1}{\pi}\cos$ my, $\phi_{K_{m}^{n}}=\frac{\sqrt{2}}{\pi}\sin$my $\cos nx,$ $\phi_{L_{m}^{n}}=\frac{\sqrt{2}}{\pi}\sin$my $\sin nx$ , (17)
$m=1,2,$ $\cdots,M$ ; $n=1,2,$ $\cdots,$ $N$.
$\psi$ (16) , :
$d\psi_{i}$
$\overline{dt}=\mathcal{F}_{i}(\psi_{1}, \psi_{2}, \cdots)$ , $i=1,2,$ $\cdots,$ $M\cross(2N+1)$ . (18)
, Yoden(1985) .
(17) $M=N=8$ , (18) 136 .
(1) , . tangent linear equation (18)
. , , , 136
tangent linear equation 136 , $M$
(Lorenz 1965). , $M^{T}M$ , $MM^{T}$ ,
. Yoden and Nomura(1991) , , ,
, , 1 .
3.2
(18) $\psi_{A_{2}}=-1.0$ ,





$\alpha(t_{0}=120;\tau)$ $\tau$ 4 .
$\psi_{A_{2}}=-1.0$ rms
, $\tau$ . ,
$\tau$
4: $\alpha(t;\tau)$ \mbox{\boldmath $\tau$} .
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.
5 $\tau=3,6$ 1 1 $\zeta_{1}$
. , $\tau(=3)$
. 1 ( 3 $x\sim 1,$ $y\sim O$ ) $f_{1}$
. $\tau=3$ $\zeta_{1}$ ( 5 ),
. ,




5: \mbox{\boldmath $\psi$}(t$0=120$) 1 ( )

















(Kimoto, Mukougawa and Yoden 1992).
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